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(54) DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a display device 
utilizing an optical characteristic of a photonic crystal 
capable of selectively taking out light of a specific 
wavelength with high energy efficiency. 
SOLUTION: The display device has a plurality of pixels 
arranged in a matrix form, the plurality of pixels includes 
a 1st pixel to emit 1st color light and a 2nd pixel to emit 
2nd color light different from the 1st color light, each of 
the plurality of pixels has a pair of electrodes (12a, 12b) 
and a photonic crystal layer (20) having two dimensional 
or three-dimensional refractive index periodic structure 
arranged between the pair of electrodes, the photonic 
crystal layer belonging to the 1st pixel modulates or 
emits the 1st color light according to an electric signal 
applied to the pair of electrodes, and the photonic 
crystal layer belonging to the 2nd pixel modulates or 
emits the 2nd color light according to an electric signal 
applied to the pair of electrodes. 
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* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st pixel to which it has two or more pixels arranged by matrix form, and said two 
or more pixels emit the 1st colored light, Said 1st colored light and the 2nd different colored light 
including the 2nd pixel to emit each of two or more of said pixels, Said photonic crystal layer 
which has an electrode of a couple and a photonic crystal layer which has the two-dimensional 
or three-dimensional refractive index periodic structure provided in inter-electrode [ of said 
couple ] t and said 1st pixel has, A display which said photonic crystal layer in which an electrical 
signal impressed to an electrode of said couple is embraced, light is become irregular or emitted 
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and said 2nd pixel has said 1st colored light embraces an electrical signal impressed to an 
electrode of said couple, and becomes irregular or emits light in said 2nd colored light. 
[Claim 2]Said said pixel [ 2nd ] photonic crystal layer has the 2nd refractive index periodic 
structure of said 1st cycle and the 2nd different cycle by said said pixel [ 1st ] photonic crystal 
layer having the 1st refractive index periodic structure of the 1st cycle, and it is the display 
according to claim 1. 

[Claim 3]Said photonic crystal layer which said 3rd pixel has including further the 3rd pixel as for 
which said two or more pixels emit said 1st colored light and the 2nd colored light, and the 3rd 
different colored light, The display according to claim 2 in which an electrical signal impressed to 
an electrode of said couple is embraced, light is become irregular or emitted in said 3rd colored 
light, and said said pixel [ 3rd ] photonic crystal layer has the 3rd refractive index periodic 
structure of said 1st cycle and the 2nd cycle, and the 3rd different cycle. 

[Claim 4]The display according to claim 3 which parallel arrangement is carried out said 1st pixel, 
said 2nd pixel, and said 3rd pixel, and performs a colored presentation by a space mixed-colors 
method. 

[Claim 5]The display according to claim 3 to which each has two or more colored presentation 
pixels by which said 1st pixel, said 2nd pixel, and said 3rd pixel were laminated, and said two or 
more pixels perform a colored presentation by a time mixed-colors method. 
[Claim 6]Said 1st colored light is blue glow, and red light and said 2nd colored light green light 
and said 3rd colored light said photonic crystal layer, It has said refractive index periodic 
structure formed of a liquid crystal material and a photo-setting resin, Said 1st cycle is within 
the limits of not less than 495 nm 550 nm or less, and said 2nd cycle is within the limits of not 
less than 590 nm 780 nm or less, The display according to any one of claims 3 to 5 which said 
3rd cycle has within the limits of not less than 565 nm 580 nm or less, and displays by 
transparent mode by modulating white light by said photonic crystal layer. 
[Claim 7]Said 1st colored light is blue glow, and red light and said 2nd colored light green light 
and said 3rd colored light said photonic crystal layer, It has said refractive index periodic 
structure formed of a liquid crystal material and a photo-setting resin, Said 1st cycle is within 
the limits of not less than 590 nm 780 nm or less, and said 2nd cycle is within the limits of not 
less than 495 nm 550 nm or less, The display according to any one of claims 3 to 5 which said 
3rd cycle has within the limits of not less than 450 nm 485 nm or less, and displays by reflection 
mode by reflecting an ambient light by said photonic crystal layer. 

[Claim 8]Said 1st colored light is blue glow, and red light and said 2nd colored light green light 
and said 3rd colored light said photonic crystal layer, It has said refractive index periodic 
structure formed of a luminescent material and a photo-setting resin, The display according to 
any one of claims 3 to 5 which said 1st cycle has within the limits of not less than 590 nm 780 
nm or less, said 2nd cycle has within the limits of not less than 495 nm 550 nm or less, and said 
3rd cycle has within the limits of not less than 450 nm 485 nm or less. 

[Claim 9]The display according to any one of claims 1 to 8 in which said photonic crystal layer is 
either of opal replica type, wood pile type, diamond type, and reversal diamond type. 



[Translation done.] 
* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the display used especially suitably for a portable 
information terminal device machine, a personal computer, a word processor, amusement 
equipment, and a TV apparatus, for example about a display. 
[0002] 

[Description of the Prior Art]Now, displays which replace CRT, such as a liquid crystal display, 
PDP, an organic electroluminescence display, are developed, and use is spreading. However, the 
fault resulting from each principle of operation (operational mode) and material to be used is 
shown in these displays. 

[0003]For example, since a liquid crystal display uses the optical anisotropy of a liquid crystal 
element, there is a problem that display quality is dependent on an angle of visibility. Then, the 
display mode (for example, an IPS mode and an MVA mode) which has improved the view angle 
characteristic is developed by controlling the orientation of a liquid crystal element. However, 
since the speed of response to the electric field of a liquid crystal element is slow, it is difficult 
to realize sufficient animation display characteristic. PDP and an organic electroluminescence 
display device have the problem that it is short-life, low [ luminous efficiency ]. 
[0004]On the other hand, various optical elements using a photonic crystal are proposed in 
recent years, two or more kinds of substances in which a photonic crystal differs in a refractive 
index (dielectric constant) — the wavelength grade of light, or the size not more than it — two 
dimensions or a three dimension — full reflection of the electromagnetic waves which are the 
optical materials of the artificial dielectric grating made to arrange periodically, and have 
wavelength comparable as a lattice spacing is carried out by diffraction (Bragg reflection). If the 
refractive index difference between lattices spreads, the wavelength area (frequency domain) 
which is reflected and cannot spread the inside of a crystal will be expanded, and the wavelength 
band (photonic band gap) which cannot spread light will be formed. When all the direction cannot 
be spread in three dimensions, either, a perfect band gap is formed and it can realize by the 
diamond lattice, a face-centered cubic lattice of a certain kind, etc. Since light will be thoroughly 
shut up by the portion if a defect (periodical structure) is introduced into the photonic crystal 
which has such a photonic band gap, realization of Optical Devices Division, such as a 
semiconductor laser which operates with extremely low current, is expected. 
[0005] 

[Problem(s) to be Solved by the Invention]a possibility of a display of having used an above- 
mentioned photonic crystal and liquid crystal is proposed — **** (for example, Yoshino et al., 
2001 liquid crystal debate, collection [ of lecture gists ], and 2D06, 163-164 pages) — a 
concrete structure, a drive method, etc. of the display are not proposed. 
[0006]This invention is made in view of above-mentioned many points, and is a thing. 
The purpose is to provide the display using the optical property that the light of specific 
wavelength can be selectively taken out with the high energy efficiency of **. 

[0007] 

[Means for Solving the Problem]The 1st pixel to which a display of this invention has two or 
more pixels arranged by matrix form, and said two or more pixels emit the 1st colored light, Said 
1 st colored light and the 2nd different colored light including the 2nd pixel to emit each of two or 
more of said pixels, Said photonic crystal layer which has an electrode of a couple and a 
photonic crystal layer which has the two-dimensional or three-dimensional refractive index 
periodic structure provided in inter-electrode [ of said couple ], and said 1st pixel has, Said 
photonic crystal layer in which an electrical signal impressed to an electrode of said couple is 
embraced, light is become irregular or emitted and said 2nd pixel has said 1st colored light is 
provided with composition which embraces an electrical signal impressed to an electrode of said 
couple, and becomes irregular or emits light in said 2nd colored light. 

[0008]In a certain embodiment, said said pixel [ 1st ] photonic crystal layer has the 1st refractive 
index periodic structure of the 1st cycle, and said said pixel [ 2nd ] photonic crystal layer has 
the 2nd refractive index periodic structure of said 1st cycle and the 2nd different cycle. 
[0009]The 3rd pixel that emits the 3rd colored light in which said two or more pixels differ in a 
display of a desirable embodiment from said 1st colored light and the 2nd colored light is 
included further, Said photonic crystal layer which said 3rd pixel has embraces an electrical 
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signal impressed to an electrode of said couple, and becomes irregular or emits light in said 3rd 
colored light, and said said pixel [ 3rd ] photonic crystal layer has the 3rd refractive index 
periodic structure of said 1st cycle and the 2nd cycle, and the 3rd different cycle. 
[0010]Parallel arrangement is carried out and said 1st pixel, said 2nd pixel, and said 3rd pixel can 
be considered as composition which performs a colored presentation by a space mixed-colors 
method. 

[001 1]Or said two or more pixels are good also as composition to which each has two or more 
colored presentation pixels by which said 1st pixel, said 2nd pixel, and Said 3rd pixel were 
laminated, and carries out a colored presentation by a time mixed-colors method. 
[0012]Green light and said 3rd colored light of a display of a certain embodiment are blue glow, 
and said 1st colored light red light and said 2nd colored light said photonic crystal layer, It has 
said refractive index periodic structure formed of a liquid crystal material and a photo-setting 
resin, Said 1st cycle is within the limits of not less than 495 nm 550 nm or less, and said 2nd 
cycle is within the limits of not less than 590 nm 780 nm or less, Said 3rd cycle is within the 
limits of not less than 565 nm 580 nm or less, and displays by transparent mode by modulating 
white light by said photonic crystal layer. 

[0013]Green light and said 3rd colored light of a display of other embodiments are blue glow, and 
said 1st colored light red light and said 2nd colored light said photonic crystal layer, It has said 
refractive index periodic structure formed of a liquid crystal material and a photo-setting resin, 
Said 1st cycle is within the limits of not less than 590 nm 780 nm or less, and said 2nd cycle is 
within the limits of not less than 495 nm 550 nm or less, Said 3rd cycle is within the limits of not 
less than 450 nm 485 nm or less, and displays by reflection mode by reflecting an ambient light 
by said photonic crystal layer. 

[0014]Green light and said 3rd colored light of a display of an embodiment of further others are 
blue glow, and said 1st colored light red light and said 2nd colored light said photonic crystal 
layer, It has said refractive index periodic structure formed of a luminescent material and a 
photo-setting resin, said 1st cycle is within the limits of not less than 590 nm 780 nm or less, 
said 2nd cycle is within the limits of not less than 495 nm 550 nm or less, and said 3rd cycle is 
within the limits of not less than 450 nm 485 nm or less. 

[0015]As for said photonic crystal layer, it is preferred that it is either of the opal replica type, 

wood pile type, diamond type, and reversal diamond types. 

[0016] 

[Embodiment of the Invention] Hereafter, the structure of the display of an embodiment and 
operation by this invention are explained, referring to Drawings. 

["0017] Drawing 1 is a typical sectional view showing the display 100 of the embodiment by this 
invention. 

[0018]The display 100 has two or more pixels arranged by matrix form, and two or more pixels 
can perform a colored presentation including the 1st pixel that emits the 1st colored light, and 
the 2nd pixel that emits the 1st colored light and the 2nd different colored light. Typically, a full 
color display is carried out including the 3rd pixel that emits the 3rd colored light. Parallel 
arrangement of two or more pixels which emit mutually different colored light is carried out to 
matrix form, and the display 100 performs a colored presentation by a space mixed-colors 
method. 

[0019]Each pixel is provided with the following. 

The electrodes 12a and 12b formed on the substrate 10a and 10b. 

The photonic crystal layer 20 provided among the electrodes 12a and 12b. 

The electrodes 12a and 12b of the couple are formed on the substrate 10a of a couple, and 10b. 
Of course, it has the wiring, switching element (for example, TFT), and drive circuit (all are un- 
illustrating) for supplying predetermined voltage or current to predetermined timing in the 
electrodes 12a and 12b at the photonic crystal layer 20 side of the substrates 10a and 10b if 
needed. Of course, a switching element can also be omitted and a drive circuit may be 
separately provided with the substrates 10a and 10b. Since the concrete composition for 
supplying an electrical signal to such a photonic crystal layer 20 can adopt the composition of a 
publicly known active matrix type display, it omits explanation here. Although the composition 
which provided the black matrix (light shielding layer) between the photonic crystal layers 20 of 
the pixel which adjoins in order to control the mixed colors between pixels is illustrated, it may 
omit and the black matrix 14 may be formed between the electrodes 12b. 
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[0020]The photonic crystal layer 20 has two-dimensional or three-dimensional refractive index 
periodic structure, embraces the electrical signal (voltage or current) impressed to the 
electrodes 12a and 10b of a couple, and becomes irregular or emits light in predetermined 
colored light. When the photonic crystal layer 20 has a function which modulates light (it 
illustrates by Embodiment 1), it has further a lighting element (un-illustrating) for supplying light 
to the photonic crystal layer 20. If a lighting element is carried out, the white light source (back 
lights, such as a fluorescent tube) used for the publicly known liquid crystal display can be used. 
[0021 ]As for the photonic crystal layer 20, it is preferred to have the refractive index periodic 
structure corresponding to the colored light of each pixel. For example, in the display which 
displays by transparent mode by modulating the white light emitted from a back light, Since the 
photonic crystal layer 20 reflects the light of wavelength comparable as the cycle of refractive 
index periodic structure (Bragg reflection), it adjusts a cycle so that the colored light used as the 
colored light of each pixel and complementary color relation may be reflected. For example, so 
that 495 nm - 550 nm of wavelength areas of the cyanogen which is the complementary color in 
order to make red light penetrate may be reflected, In the case of blue glow, each cycle should 
just be adjusted so that 565 nm - 580 nm of wavelength areas of the yellow which is the 
complementary color may be reflected, so that 590 nm - 780 nm of wavelength areas of the 
magenta which is the complementary color may be reflected in the case of green light. What is 
necessary is just to adjust to the cycle corresponding to the colored light which a pixel emits in 
the reflection type display which displays by reflecting an ambient light using the photonic 
crystal layer which has a function which modulates light on the other hand. Namely, what is 
necessary is just to adjust the cycle in the pixel in which the cycle in the pixel to which the 
cycle in the pixel which reflects or emits light in red light reflects or emits light in green light to 
590 nm - 780 nm reflects or emits light in a blue light at 495 nm - 550 nm to 450 nm - 485 nm, 
respectively. What is necessary is just to adjust to the cycle corresponding to the colored light 
which each pixel emits, as well as a reflection type display when using the photonic crystal layer 
which emits light itself. 

[0022]The typical sectional view of the display 200 of other embodiments by this invention is 
shown in drawing 2 . The same reference mark shows the component of the display 100, and the 
same substantial component, and the explanation is omitted here. 

[0023]The display 200 has a photonic crystal layer in which each of two or more pixels arranged 
by matrix form becomes irregular or emits light in different colored light. It has the structure 
where the 1st photonic crystal layer 20R which becomes irregular or emits light in red light, the 
2nd photonic crystal layer 20G which becomes irregular or emits light in green light, and the 3rd 
photonic crystal layer 20B which becomes irregular or emits light in blue glow were laminated 
typically. The pixel here is able to perform a colored presentation by a time mixed-colors 
method, and especially this pixel is called a colored presentation pixel. That is, the color picture 
element is arranged at matrix form, and the display 200 performs a colored presentation by a 
time mixed-colors method. Therefore, the display 200 has a display 3 times the definition of 100. 
[0024]In drawing 2 , since it was easy, it omitted, but it is preferred to have an electrode pair for 
supplying an electrical signal to each of the photonic crystal layers 20R, 20G, and 20B. With the 
material etc. which are used for the photonic crystal layers 20R, 20G, and 20B. By supplying an 
electrical signal to the electrodes 12a and 12b of the couple provided so that the photonic 
crystal layer 20 might be inserted, the discrete address of the photonic crystal layers 20R, 20G, 
and 20B can also be carried out. For example, only a specific photonic crystal layer can be 
operated by using the material in which the frequency which answers an electric field differs 
among the photonic crystal layers 20R, 20G, and 20B by changing the frequency of the voltage 
impressed among the electrodes 12a and 12b of a couple. 

[0025]Next, what is suitably used as the photonic crystal layer 20 of the displays 100 and 200 of 
the embodiment by this invention is shown in drawing 3 . Drawing 3 shows typically the photonic 
crystal layer 20 provided among the electrodes 12a and 12b of the couple which constitutes one 
pixel. In the display 200 shown in drawing 2 , it is preferred that each photonic crystal layers 20R, 
20B, and 20G have the composition of drawing 3 . 

[0026] Drawing 3 (a) shows typically the opal replica type photonic crystal layer 20a. An opal 
replica type photonic crystal layer has the structure corresponding to the replica of the opal 
structure formed in a three dimension from the aggregate of the minute ball arranged regularly, 
and has the structure where the minute spherical opening was regularly arranged in three 
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dimensions in the matrix. A photonic crystal is obtained by filling up a minute spherical opening 
with the material which has a different refractive index from the material which constitutes a 
matrix, filling up a minute spherical opening with the material (for example, liquid crystal material) 
from which a refractive index changes with impression of an electric field — the photonic crystal 
layer 20 which modulates colored light can be obtained. At this time, typically, the polarizing 
plate of the couple arranged at the cross Nicol state is provided so that it may counter mutually 
via the photonic crystal layer 20. 

[0027]The photonic crystal layer 20 which emits light in colored light can be obtained by filling up 
minute ball absentminded spare time with a luminescent material. 
[0028]The photonic crystal layer 20a can be formed as follows, for example. 
[0029]The diameter according to the wavelength of the light which should be emitted by the 
photonic crystal layer 20a of each pixel. (For example, when using as a transmission type display, 
about a red picture element, within the limits of not less than 495 nm 550 nm or less) About a 
green picture element, prepare within the limits of not less than 590 nm 780 nm or less, and the 
Si0 2 minute ball of not less than 565 nm 580 nm or less within the limits is prepared about a 

blue pixel, Settle this among [ a glass sandwiches cell or a container ] gap severalmicrometers to 
about ten micrometers, ultraviolet curing resin is made to permeate, and it is made to harden. 
Then, the opal replica structure 22a formed with resin is acquired by carrying out etching 
removal of the SiG 2 minute ball by HF (fluoric acid) processing, opal replica structure becomes 

desired thickness or size if needed — as — cut processing — and/or, polishing work is carried 
out. 

[0030] Drawing 3 (b) shows typically the wood pile type photonic crystal layer 20b. The wood pile 
type photonic crystal layer 20b has the structure where the square pole 22b was arranged 
regularly in three dimensions. A photonic crystal is obtained by changing the refractive index of 
the material which constitutes the square pole 22b, and the material in which the circumference 
is shown. 

[0031] Drawing 3 (c) and (d) shows the diamond type and reversal die YAMON type photonic 
crystal layers 20c and 20d, respectively. Drawing 3 (c) and (d) shows typically the basic unit 
structure corresponding to the unit cell of a crystal. The columnar structure object (33 volume 
%) 22c is prolonged so that the diamond type photonic crystal layer 20c shown in drawing 3 (c) 
may connect the lattice point of a diamond crystal. 22 d of cylindrical openings (67 volume %) 
have extended so that the reversal diamond type photonic crystal shown in drawing 3 (d) may 
connect the lattice point of a diamond crystal. These volume fractions can be changed if needed. 

[0032]The shown photonic crystal layers 20b, 20c, and 20d can be formed in drawing 3 (b), (c), 
and (d) using stereolithography, for example. 

[0033]Operation of stiffening a photo-setting resin further is repeated pulling up the portion 
which was hardened according to the shape of a request of the surface of a liquefied photo- 
setting resin, scanning a laser beam for every stratified processing unit, and was hardened. The 
photonic crystal layer which has the complicated shape shown in drawing 3 (b), (c), and (d) can 
be formed by inputting desired shape as CAD data and controlling the scan of a laser beam, and 
raising of a hardened material by CAM according to this data. As a photo-setting resin, 
transparent resin, such as an acrylate system, a polyimide system, an epoxy system, and a 
phenol system, is preferred, for example. Of course, the opal replica type photonic crystal 
structure shown in drawing 3 (a) can also be formed with stereolithography. 

[0034]The gap part in the photonic crystal structure shown in (d) from drawing 3 (a) is formed in 
continuation for every pixel at least, and can introduce a liquid crystal material and a 
luminescent material in an opening easily. 

[0035](Embodiment 1) The display of this embodiment is provided with the photonic crystal layer 
20 which has a function which modulates colored light. The reliance of the composition of the 
display of Embodiment 1 is also good at any of the display 200 which showed the display 100 
shown in drawing 1 , and drawing 2 . 

[0036]As the photonic crystal layer 20, the matrix of opal replica structure (refer to drawing 3 
(a)) can be formed, and what filled up the gap part with the liquid crystal material can be used 
conveniently, for example. At this time, the ratio of the refractive index of a matrix (for example, 
acrylic resin) to the refractive index to the extraordinary light of a liquid crystal element is set to 
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1.5:1.7, and, as for the Tsunemitsu refractive index, it is preferred to set up it be abbreviated-in 
agreement with the refractive index of a matrix. The size (diameter of sphere) of the opening of 
opal replica structure, As mentioned above, when using as a transmission type, it is preferred 
that within the limits of not less than 495 nm 550 nm or less sets [ within the limits of not less 
than 590 nm 780 nm or less ] up within the limits of not less than 565 nm 580 nm or less about a 
blue pixel to a green picture element to a red picture element. The thickness of the photonic 
crystal layer 20 is 5 micrometers, for example. Opal replica structure may be formed, for 
example, using the spherical particle of Si0 2 mentioned above, and may be formed using 

stereolithography. 

[0037]the liquid crystal material (nematic liquid crystal ZLI1965 (99.6%) by Merck Co..) indicated 
to JP,2001-209035,A as a liquid crystal material, for example The mixture of cholesteric liquid 
crystal (0.3%) and the strong dielectric liquid crystal (0.1%) of a chiral smectic C phase can be 
used conveniently. Since it can display without using a polarizing plate if such a liquid crystal 
material is used, a bright display is realizable. Pouring of a liquid crystal material can be 
performed with a vacuum injection method, an derivation injection method, or a dropping test. 
[0038]The liquid crystal in the photonic crystal at the time of impressing no voltage is random 
orientation, and since they are scattered about, it does not penetrate light. If voltage is 
impressed to this photonic crystal layer 20, the transmissivity of the light (red, green, blue) of 
the wavelength corresponding to each pixel is controllable by change of the refractive index 
accompanying orientation change of a liquid crystal element by a high contrast ratio (a contrast 
ratio is 600 or more). That is, this photonic crystal reveals the function of both PDLC (liquid 
crystal layer) and the light filters in the liquid crystal display currently indicated by above- 
mentioned JP,2001-209035,A, for example. Since a display provided with this photonic crystal 
layer can be driven by the low voltage (for example, 0V-20V), it is excellent also in power-saving 
nature. 

[0039]The optical shutter layer (it corresponds to the photonic crystal layer of this embodiment) 
is formed in the above-mentioned gazette by Mitsuteru putting and a polymerization induction 
phase separation method at the prepolymer of the above-mentioned liquid crystal material and 
photopolymerization nature, or the mixture with a monomer. Therefore, it is difficult to make into 
regular periodical structure structure which a liquid crystal material distributes, and it still more 
difficult to control the cycle to nanometer order. A liquid crystal material produces a photolytic 
reaction by optical exposure, and there is a problem of being easy to generate the seizure of a 
picture and the fault of a voltage retention fall. On the other hand, since a liquid crystal material 
does not deteriorate in the morphosis of the photonic crystal layer 20 of the display by the 
embodiment of this invention, it excels in reliability. 

[0040]Since a liquid crystal material is confined in the space of nanometer order according to 
the embodiment of this invention, since the response to the electric field of a liquid crystal 
element becomes quick when the anchoring effect from an interface (for example, surface of the 
matrix 22a which constitutes the opal replica structure of drawing 3 (a)) actualizes — response 
time — tens — it is accelerable for a microsec order. Since the display of this embodiment can 
operate at high speed, it is preferred to adopt the composition especially shown in drawing 2 , and 
to perform a colored presentation by a time mixed-colors method (the seeking ENSHARU color 
mixing method). 

[0041]The display of this embodiment can provide the back light which irradiates the above- 
mentioned photonic crystal layer 20 with white light, and can also use it as a transmission type 
display, or can also be used as the reflection type display which displays by reflecting an ambient 
light. In using as a reflection type display, the cycle (it corresponds to the diameter of the 
spherical particle of above Si0 2 ) of a photonic crystal layer, What is necessary is just to set 

****** within the limits of not less than 450 nm 485 nm or less as a blue pixel about a green 
picture element within the limits of not less than 495 nm 550 nm or less within the limits of not 
less than 590 nm 780 nm or less, if attached to a red picture element. 

[0042]The above-mentioned effect acquired by using the photonic crystal layer 20 which made 
the liquid crystal material permeate a photonic crystal structure is acquired when the photonic 
crystal structure of a wood pile type, a diamond type, or a reversal diamond type is used. Since 
the volume of the field made to modulate the light or emit light will become large if the volume of 
an opening is large, the utilization efficiency of light improves further and the further low power 
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consumption becomes possible. 

[0043]As a liquid crystal material, it is not restricted to the above-mentioned example, but other 
liquid crystal materials (for example, nematic liquid crystal material which has positive dielectric 
anisotropy) can be used. According to a liquid crystal material or operational mode, a polarizing 
plate may be provided in the both sides of the photonic crystal layer 20. 

[0044](Embodiment 2) The display of this embodiment is provided with the photonic crystal layer 
20 which has a function which emits light in colored light. The reliance of the composition of the 
display of Embodiment 2 is also good at any of the display 200 which showed the display 100 
shown in drawing 1 , and drawing 2 . 

[0045]The matrix of opal replica structure (refer to drawing 3 (a)) can be formed by a photo- 
setting resin, using stereolithography for example as the photonic crystal layer 20, and what filled 
up the gap part with the luminescent material can be used conveniently. 

[0046]A luminescent material may be an organic system and may be an inorganic system. As an 
organic luminescent material, combination of Alq3 (Tris(8-hydroxyquinolinato) aluminum(III), host 
material) and dicyanoquinodimethane (dopant material) is used as the luminescent material for 
red, The combination of a JISUCHIRU ant rain derivative (host material) and a styryl amine 
derivative (dopant material) can be used as a luminescent material for blue by using combination 
of Alq3 (host material) and Quinacridone (dopant material) as the luminescent material for green. 
Various publicly known organic electroluminescence materials, such as the Polymer Division 
organic electroluminescence materials, such as a poly para-phenylene vinylene derivative, can be 
used. As an inorganic luminescent material, ZnS:Mn can be used as the luminescent material for 
red, and SrS:Cu, and SrS:Ag and SrS:Ce can be used as a luminescent material for blue by using 
ZnS:TbOF as green emission material. In addition, a publicly known inorganic EL material can be 
used. These luminescent materials can be introduced into the gap part of a photonic crystal 
structure with methods for film deposition, such as a sputtering technique, a CVD method, and 
electron beam vacuum deposition, for example. 

[0047]By impressing voltage to the photonic crystal layer 20 introduced in the luminescent 
material (or current supply), high-intensity (for example, 500cd/m 2 ) luminescence can be 
obtained. As for this display, in a contrast ratio, speed of response can realize the display of 
1msec or more by 1000:1, for example. 

[0048]In order to improve luminosity, processing may be directly performed to the photonic 
crystal layer 20, and a diffraction grating may be formed, or a diffraction grating may be 
separately provided in the optical outgoing radiation side of the photonic crystal layer 20. As a 
diffraction grating, the composition currently indicated by JP,2002~8868,A can be used suitably, 
for example. Of course, the pitch of a diffraction grating is optimized about the wavelength and 
the emitting angle of each colored light. Thus, since the photonic crystal layer 20 functions by 
providing a diffraction grating further as distributed feedback type (DFB) laser which oscillates 
the colored light of each wavelength for every pixel, light can be emitted in a high-intensity (for 
example, 1000cd/m 2 ) light. The advantage that the monochromaticity of each luminescence 
improves is also acquired. 

[0049]Also in this embodiment, although the photonic crystal layer 20 of opal replica structure 
was illustrated, The above-mentioned effect acquired by using the photonic crystal layer 20 
which introduced the luminescent material into the photonic crystal structure is similarly 
acquired, when the photonic crystal structure of a wood pile type, a diamond type, or a reversal 
diamond type is used. 
[0050] 

[Effect of the Invention]According to this invention, the display using the optical property of the 
photonic crystal that the light of specific wavelength can be selectively taken out with high 
energy efficiency can be provided. 

[0051]The display of this invention is used suitably for transmission types, such as an optical 
spatial modulation machine, dimmer control, a projection display for large-sized screens, a 
display for big-screen TVs, and a PC monitor, or a nontransparentized type display device, for 
example. The display of this invention can be used also as a light source for laser beam printers. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a typical sectional view showing the display 100 of the embodiment by this 
invention. 

[Drawing 2] It is a typical sectional view showing the display 200 of other embodiments by this 
invention. 

[Drawing 3] (a) - (d) is a figure showing typically the photonic crystal layer 20 used suitably for 
the display of the embodiment by this invention. 
[Description of Notations] 
1 0a and 1 0b Substrate 
12a and 12b Electrode 

20, 20a, 20b, 20c, and 20d Photonic crystal layer 
20R The photonic crystal layer for red 
20G Photonic crystal layer for green 
20B The photonic crystal layer for blue 
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a, mmft£KMLxm*zftdmmm*%tMbi-& 
zbi>x%&. KMmm$mtLxm^&*feM±. 

7* Y-y^m^mcomm (WilfJJEOS i O 2 0if 
ttifitPWiffgfcJtlE) *feW*fcOl,vCli5 9 0 n 
mlM±7 8 0 nmjyTfOlSHrtte, 8fcfeH*fcOV vtJi 
4 9 5 nmJJLtS 5 0 nmHT««il*|t, #feB*fc 
Otl«4 5 0 nmjjlt4 8 5 n mJ2TF£>i6Hl*Jfc:tSfc£ 

-ttuf «tv>. 

[0042] 7 * b- «y ^|g B H 9 fflitWS a a B WW^?S3§ 

*t*±jtf^ftii, vvwu/im* y^^yvm*? 

KM?' 4 y Y* Mco y * Y - -v 7 IS H B B ffijS fcflft 

^■fcfc v vt t, f# h tih . s»«o*bw«* & v ^ tee a 

[ 0 0 4 3 ] SrtK mSWmk. LTii. ±ia^JKRR^> 

mtn^§m=t- vizmtx. y*h~v? &gkm 2 0 



[0044] ( HlfBg® 2 ) 3^HS6^<7)a^H(4 . 

fejetfBt-riatffit*^* 7 * -y ^is B H B Ji 2 0 *■ 
100 tj i wm 2 {zmLfzm^m. 200^^ 

[0045] 7*b-.y^*,F B /i20i:LT. MUI. 

y&mmzm^xxmimmmxTtJ ^-iwy u xmm. 

(03 (a) #HS) c7)^hU7X^ffMt. -ewafflWB 

[0046] Mfflli, til-Cfeottl^L, IS 
■jfitftiTfciM. ^mmmfAbLXl±. Alq3 

(Tris(8-hydroxyquinol inato)aluminum(II I) „ *fcX h 
WW) kyyT/^f/yVy-y ( H-^htm> to 
ffi^^^#feffl^WWfc LT, Alq3 (*Xf 

■ttzM&mmmmbLx. &rz. -j^^vrw-y 
wmw (*^MfS) bx^))vr^ymmw < 

«, Z n S : M n ^^feffl^WWi: LT, Z n S : T 
b O F £ KfelBtefffli: LT. SrS:Cu, SrS: 
Ag^SrS : C e feffllMSJ: Ltffi^l.; h 

ifx^h. z<rm. A^mMELmmzm^hzbtf 

t^7? m&mmvmmmzmA*fz> z t ^t# 

[0047] mMmzmAztitiy * y- -y y^yyi 
2 0 tmji^EPJD < t jtaiEe^ffitt) -ri. i 1 1 «t -5 

T. *«S («i(f , 5 0 0c d/m2 ) <7)Hft£#S 

ib^' 1 0 0 0: 1 ISLhT-jCB^a^^ 1msec C9f|^c£r 

[0048] Sfefc, »K*(n]±-fS/Sftt. 7* h- 
•y ^JSftJB 2 0 tzW&MZ&mLmffli&r&BmLX t> 
X^L. 7* h->y?*£J|JB2 oo^msfflj 

i{i\ #W2 0 0 2-88 6 8^fBtM^§ixT^-l. 
flftfitffjttCfflffl^* Z b j^T# S . mttf^o 

t >y x tsmtft iz^xmrnit-t 

ZCDXolz, Zt>< l z\B\ffi1ffr?-%mf&Zbt l zX t ). 
yur Y~-y 7^Hii2 0(iB3gtet^fL^tLCO^*(7)-fe 
3tJlltS^iiS ( D F B ) Ix— tf-t LTflfg 

•f--soT\ mwm (mm. ioooc d/ m 2 ) coye 

ZWtthZbtfX^h* £tz. ^tiftL«lMfe 

tta^i-t s f: v ^ a n& t> % $> fx & . 
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[0049] ^mmmmizn *j wh^-t o t 
as, 

[00 5 0] 

[0051] *mi<7>&mm±. mtumasssm 



[0H^ffi#=5cl^] 

[01 ] ^WMizz&mimmcommm. 1 0 0 itm-t 
[02 ] *HBBfc ± &immnmm<7)m^mw:2 oos- 
[03 ] ( a ) - ( d ) ti. *^Hjtc i hmmmmcom 

10a, 10b 
12a, 12b flffi 

20, 20 a. 20b. 20c, 20d — 
JAM 

2 OR H^ffl7th-7?SM 
2 0G ^-feffl7^b-^^$g H B B Jl 
2 OB fiffiffl 7*1^ 



[01 ] 



[02] 




10b 



10b 
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